For Chinese herbal medicine (CHM), tea, coal and other materials, the finer the grinding particles, the better the reaction and adsorption capacity, and the higher the utilization rate. The use of CHM achieving ultra-fine powder can improve the bioavailability of the active ingredients of the drug, speed up the absorption of the human body. In the same time, coal grinding to the micron level can also increases the rate of combustion reaction. Based on the theory of ball mill, a new ultra-fine grinding machine technology method was proposed, and the experimental grinding of materials was carried out. The results showed: by grinding data of a single medicinal material, it can generally grind in 15 minutes to a state of less than 5 m in 95%; for mixed medicinal materials, if the conditions of rough processing and different durations were used, the processing effect has been found to be more efficient, and the fineness of the particles in the case of D50 is 12.290 m.
Compared with other pulverized powders, the therapeutic effect after grinding into ultra-fine powder is very obvious, and the amount of medicine is also significantly reduced [1] [2] . At present, the demand for high-quality ultra-fine CM is also on the rise in China. There are more than 160 kinds of materials that are urgently crushed, and the annual crushing amount is several thousand tons. For example, the amount of pollen crushed is more than 500 tons per year, and these raw materials are used. The export volume of ultra-fine drugs is large, and the international market needs a large amount. The research and development of this ultra-fine grinding technology can greatly fill the gap in this aspect and solve the problem of ultra-fine powder treatment of medicinal materials in China.
Relationships between Particle Size and Reaction Performance
As the particle size of the material continues to decrease, the fineness of the particles and the utilization rate of the material continue to increase [3] [4] . In order to improve the efficiency of combustion utilization, the coal is ground into micron-sized particles, and then the coal powder are into furnace of the coal-fired power plant, it will soon be completely burned. Similarly, traditional Chinese medicine(TCM) can also be ground into fine particles for easy digestion and absorption. At present, there is an increasing demand for various types of CM at home and abroad. The CM production and processing mode has been widely accepted and promoted worldwide. On the basis of this, the ultra-fine powder technology, is more urgent in the development of TCM resources, and the market requires better processing results and higher processing quality technology and related products. So, it can improve the physical and chemical properties of TCM, and meet people's requirements for the use and efficacy of TCM. The situation of "large amount, dark color, low purity" and the route of TCM administration need to be improved [5] . According to pharmacological research and practice, the finished product of ultra-fine particles can improve the bioavailability of the active ingredients of the drug, and thus completely change the deficiency of TCM. The ultra-fine pulverized CM micropowder is more and more accepted by the CM industry because it is easy to absorb quickly and effectively, and is easy to take and carry, especially for patients. When grinding, generally up to micron pulverization can destroy the tissue cell wall structure of the material and obtain the desired material properties. The surface area and porosity caused by the refinement of the particles and the destruction of the cell wall make the ultra-fine powder have unique physical and chemical properties, such as good absorption, solubility, chemical activity, biological activity, etc. [6] [7] . At present, in order to meet the needs of CM production industry, the research and development of ultra-fine CM and related production equipment has been achieved certain results.
The finer the particles of CHM are, the better the pharmacodynamic effect. For example, the CHM of 1~75μm granules is called ultra-fine pulverized TCM, and the 1~10μm is the best medicinal size. The relationship between the physical properties of the drug and its particle size is shown in table 1. Compared with the TCM granularity, the main advantages of ultra-fine particle CM are as follows:
(1) At present, the utilization rate of TCM decoction pieces is low, and the loss of effective components is large. Ultra-fine CM can improve the bioavailability of the active ingredients of the medicines, and the content of the effective index components is about 2 times that of TCM, which improves the utilization rate of CM resources;
(2) speed up the absorption of TCM by the human body, so that the CM products can also achieve targeted administration and precise administration;
(3) Changed the state of "large amount, dark color, low purity" and the route of administration for TCM, so that the TCM is concentrated like western medicine, the amount is small, the purity is high, and it is convenient to carry.
Applicability of Ultra-fine Particles
At present, in the internationalization process of research and production of TCM, the standardization of processing methods and processing equipment must first be carried out, so that the ultra-fine granules can be distinguished from the traditional medicinal forms in use, so that they can have long-lasting vitality. Therefore, it is necessary to select a suitable ultra-fine pulverization technology method and corresponding advanced scientific processing technology, processing environment, processing conditions, and safety technical measures to comply with GMP standards; to ensure that the optimal particle size range of CM materials is smashed for certain medicinal materials; It can carry out corresponding analysis and detection, including the processed active ingredient index, particle size, toxic and side effects, and pollution control indicators of processing.
Because CHM contains a lot of lignin and other ingredients, such as fiber, starch, gum, fat, sugar and moisture, it has a certain humidity, and it is difficult to carry out ultra-fine processing. Generally, it needs to be subjected to ultra-fine pulverization after deep drying, but excessive drying will increase the toughness of the drug, and it is prone to agglomeration, oxidation, fission, etc. Therefore, it is generally necessary to treat different medicinal materials differently. However, if ultra-low temperature freezing processing technology is adopted, the above-mentioned problem of grinding of the medicinal materials can be completely solved, and the adaptability of the humidity range of the pulverization of the medicinal materials can be increased, so that the processing effects such as the effective ingredient index, the particle size, the toxic side effects, and the processing pollution are significantly improved.
Ultra-fine Grinding Technology
The preparation method of ultra-fine CM is divided into physical method and chemical method, and ultra-fine pulverization technology belongs to physical method. Ultra-fine CM pulverization technology is a processing technology formed by the combination of traditional industrial pulverization and TCM characteristics [8] . Traditional industrial pulverization equipment is mainly divided into three categories: mechanical impact pulverizers, jet mills, and ball mills.
In principle, the mechanical impact pulverizer uses a high-speed rotating blade to impact shear pulverized material. The jet mills uses the combined effects of impact, collision, friction and other forces generated by the airflow. The particles in the ball mill are fully loaded, which includes the effects of comprehensive two-way force such as impact, collision, friction and shearing. In terms of advantages and disadvantages, the mechanical impact pulverizer has the advantages of large pulverization ratio, high efficiency, simple structure and stable operation, and its disadvantage is that the temperature of the processing process is increased (100-250℃), and the abrasion is faster, and the efficacy is modified. The advantage of the jet mill is that there are no moving parts and movement dead angles, and the temperature is low, and there is no product pollution, but the high-speed oxygen flow takes away the volatile chemical components, which is difficult to process the CHM. The advantage of the ball mill is that it can effectively and ultra-finely pulverize the tough, hard, soft and other CHMs, but its pulverization range is not large enough, and the particle size is not small enough, and the yield is low.
The research project is an ultra-fine CM grinder, which uses the theory of lamination pulverization to collide, squeeze and shear in the revolution and rotation of grinding media. As far as the ultra-fine CM grinder researched in this project is concerned, and its advantages are wide adaptability, good smashing effect, low efficiency, low energy consumption, low wear and low noise, but it is difficult to manufacture, and its popularity is not high.
New Material Ultra-Fine Grinding Technology
On the basis of studying the grinding technology of materials such as CHM and coal, the vibration grinder and high-pressure roller mill are mostly used in international modern manufacturing by the principle strategy of traditional ball mills. A new ultra-fine grinding technology was proposed, which covers the grinding of various materials from ultra-fine to nano-sized [9] .
For CHM, the key technology of the ultra-fine grinding is mainly to grind and process brittle, hard, soft, tough, dry and wet CHM raw materials, and the adaptability is strong; the pulverization limit particle size is less than 5 μm. The input energy mode of the ultra-fine grinder is not limited. When the grinding process, the granules of the Chinese medicinal materials are subjected to two-way stress; the whole processing process is carried out in a low temperature state, and can be carried out at -10℃ to facilitate the maintenance of the properties of the medicinal materials.
The technology is mainly used to crush the CM materials by means of beating, impacting and squeezing, so as to avoid the decreased efficacy of the instantaneous high temperature, so that the processing granularity of the Chinese medicinal materials can be less than 5μm, which is more beneficial to the human body.
For the raw materials, that is, Chinese medicinal materials, under the action of external rotating power and seismic force, the grinding medium( i.e. the rolling rod) is in the throw-up motion of converging or dispersing, and the rolling rod itself rotates in the same direction, and meantime the rolling rod group makes a revolution. The rods are continuously exchanged through the inner and outer rods, and the these rods continuously collide each other, and so the CHM materials are squeezed, crushed and cut. During the crushing process, the large particles are first broken by the force, and the particles are continuously broken from large to small [10] . The whole crushing process was carried out in a low temperature environment of -10℃, which makes the tough CHM into a pulverized wet brittle body, which greatly improves the pulverization efficiency. The grinding method under low temperature conditions can effectively prevent the volatile components in the processing process to oxidation, and can ensure that the drug is not lost. The schematic diagram and principle of the equipment structure [11] are shown in Figure 1 : I-integrated structure II-medium (CHM material) movement mode III-mechanical (rolling rod) interaction; 1-rolling rod 2-CHM material 3-rolling rod 4-eccentric wheel 5-bearing 6-grinding bucket 7-roller 8-spindle 9-spring 10-universal joint 11-electric motor 
Grinding Parameter Test and Result Analysis
This paper carried out the technology of key equipment, proposed technical process route, and obtained relevant technical parameters, forming the overall design of the technology and technique system. By mixing and grinding of different CHM raw materials [12] [13] , such as gastrodia elata, cinnabar, notoginseng, pueraria, maier, medicated leaven, haw and root of rehmannia, the grinding rules were studied. The CHM formulas of several difficult diseases has been studied to form a reasonable grinding technology scheme. By grinding a reasonable ultra-fine powder, the use efficiency of precious CHM can be improved, and the effective substances of the products are more easily absorbed. It avoids the damage of the efficacy of the medicine due to boiling, extraction and the like. The pulverization effect of a single medicinal material such as gastrodia elata, cinnabar, notoginseng, and pueraria is shown in Table 2 . More than 90% (i.e., D90) of the particle size after grinding is about 5 μm. The comparison of the samples before and after grinding of several CHM formed by the mixing of the Maier, the medicated leaven and the haw, and the results of measurement and analysis by the LS-909 laser particle size analyzer are shown in Fig. 2-6 . When testing on the TCM sample 1 of Fig. 2 , the refractive index and absorption rate of the sample materials are 1.52 and 0.1 respectively, its dispersion medium is air, and its dispersion medium refractive index is 1. The analysis mode is the general mode, and the shading ratio is 1.92%. The analysis range is from 0.02 m to 2100 m, and the fitted residual is 0.083. Some concepts will be introduced here first, for example, D10, span, and D(3,2). D10 represents a particle diameter distribution of 10%, which means that the cumulative distribution is 10%, that is, particles smaller than this particle size of 7.536 m account for 10% of the total particles. Span represents a measure of the width of the sample particle size distribution, similar to the standard deviation. D(3,2) is the average statistical particle size associated with volume and surface area. The testing results are as follows: D10, D25, D50, D75, D90 are 7.536m, 13.955m, 27.405m, 53.526m, 82.096m respectively. D (3, 2) , D(4,3) are 17.068m, 37.248m respectively. The span is 2.721. The weight specific surface area is 351.530m 2 /kg. When testing on the sample 2 after mixing for 30 minutes, its refractive index and absorption rate are 1.52 and 0.1 respectively, dispersion medium is air, and the dispersion medium refractive index is 1. The analysis mode is the general mode, and the shading ratio is 1.80%. The analysis range is from 0.02 m to 2100 m, and the fitted residual is 0.075.
The test results about sample 2 are as follows: D10, D25, D50, D75, D90 are 2.591m, 5.449m, 12.631m, 31.422m, 57.513m respectively. D (3, 2) , D(4,3) are 6.227m, 22.680m respectively. The span is 4.348, and weight specific surface area is 963.556m 2 /kg. Finally, the experiment on Sample 2 after mixing for 35 minutes have been down, and this moment, its refractive index and absorption rate of the sample are 1.52 and 0.1 respectively. The dispersion medium is air, and the dispersion medium refractive index is 1. The analysis mode is the general mode, and the shading ratio is 2.83%. The analysis range is from 0.02 m to 2100 m, and the fitted residual is 0.073.
The test results about sample 2 after mixing for 35 minutes are as follows: D10, D25, D50, D75, D90 are 2.494m, 5.338m, 12.290m, 28.940m, 55.038m respectively. D(3,2), D(4,3) are 6.047m, 21.261m respectively. The span is 4.275, and the weight specific surface area is 992.215m2/kg. It can be seen in tab.2 that when the three kinds of medicinal materials of gastrodia elata, cinnabar and notoginseng, pueraria are found to be pulverized, the medicinal material has good pulverization effect, and the grinding requirement can be achieved by treating in 15 minutes. The sample 1 is a mixture of three kinds of medicinal materials such as Maier, medicated leaven and haw, which are directly processed and ground for 30 minutes (in Fig. 2) . The medicinal materials are not coarse pulverization, and the haw is difficult to pulverize (for Chinese medicinal materials which are difficult to smash, It is recommended to first coarsely pulverize, and then mix and smash. In this way, the whole process can increase the pulverization time to achieve the desired effect.) Therefore, there are large particles, the D90 is 82.096 m (Fig. 3) . The smallest particles processed have reached the design requirements, and more than 50% of the particles (ie. D50) have a particle size below 27.405m, which means that the cumulative distribution is 50%, that is, D50, and the proportion of the particles has reached the requirements of ultra-fine CM.
The sample 2 is 20 kinds of medicinal materials, which is a formula for the treatment of skin diseases. the sample 2 is difficult to be processed, it has undergone rough processing, so the effect has been greatly improved compared with no rough processing. When 20 kinds of mixed medicinal materials of this formula were processed, Figure 6 was pulverized for 5 minutes more than that in Fig. 5 , and the overall effect was improved [14] . For example, the cumulative distribution of 50% of the particle size decreased from 12.631 m to 12.29 m in tab.3. 
Conclusions
Based on the actual requirements of grinding of materials, especially CHM, a technical scheme of ultra-fine powder is proposed to make the drug collide, squeeze and shear in the revolution and rotation of the grinding media to achieve fast and efficient grinding effect. Through the grinding of a single medicinal material, it is found that it can be ground to a state of about 5 m in 95% in 15 minutes. For the difficult-to-process mixed medicinal materials, the processing effects under rough processing and different durations are considered. It was found that after roughing and lengthening, the grinding efficiency was higher, and the particle size of 50% of the particles reached 12.290 m, which met the design requirements. The using effect of CHM after ultra-fine grinding has been significantly improved.
